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PREFACE 


This  is  the  first  progress  report  for  the  project  Nonmetallic 
Coatings  for  Concrete  Reinforcing  Bars.  The  period  from  September  17 
to  December  31,  1971  is  included  in  this  report.  Subsequent  reports 
will  be  issued  on  a quarterly  basis. 
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Quarterly  Progress  Report  No.  1 
(September  17  to  December  31,  1971) 


1.  Study  Identification:  Order  No.  2-1-0614 

Title:  Nonmetallic  Coatings  for  Concrete  Reinforcing  Bars. 

2.  Date  Work  Started:  9/17/71 

Date  of  Report:  12/31/71 

3.  Research  Agency:  National  Bureau  of  Standards 

4.  Background 

The  early  deterioration  of  the  concrete  of  bridge  deckings  has 
become  a significant  problem  during  the  past  decade.  The  annual  cost 
of  repairing  such  bridge  deckings  is  about  70  million  dollars. 

The  major  portion  of  the  early  deterioration  of  concrete  bridge 
decks  has  been  attributed  to  the  corrosion  of  steel  reinforcing  bars 
embedded  in  the  concrete,  which  causes  delamination  and  subsequent 
spalling  of  the  concrete.  Normally,  reinforcing  steel  is  passive 
towards  corrosion  in  a basic  environment  as  provided  by  concrete.  This 
passivity,  however,  is  destroyed  by  the  presence  of  chloride  ions  and 
active  corrosion  takes  place. 

Presently,  the  two  mostly  used  de-icing  agents  on  highways  and 
bridges  are  sodium  chloride  and  calcium  chloride.  These  de-icing 
agents  when  dissolved  in  water  are  able  to  penetrate  the  concrete  decks, 
thus,  leading  to  corrosion  of  steel  reinforcement  and  subsequent 
cracking  and  spalling  of  the  concrete.  In  the  past  decade,  the  amounts 
of  sodium  chloride  and  calcium  chloride  used  as  de-icing  agents  has 
increased  multi- fold. 
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A reasonable  method  to  prevent  the  corrosion  of  the  steel  reinforcing 
bars  is  by  coating  them  with  a barrier-type  protective  coating.  It 
is  felt  that  epoxy  systems  are  the  most  promising  coatings  for  this 
application. 

5.  Objectives 

To  investigate  the  feasibility  of  using  epoxy  systems  to  protect 
steel  reinforcing  bars  and  to  select  the  epoxy  systems  that  provide 
the  best  protection.  The  selection  will  be  based  on  physiochemical 
testing  with  consideration  given  to  economics  involved  in  coating  and 
fabricating  of  reinforcement. 

6.  Progress 

The  work  in  the  first  quarter  primarily  consisted  of  (1)  attaining 
an  overall  view  of  epoxies,  their  chemical  and  physical  properties  and 
the  feasibility  of  using  them  to  protect  steel  reinforcing  bars  from 
the  accelerated  corrosive  attack  caused  by  chlorides  from  de-icing 
salts  used  on  bridge  decking.  This  was  accomplished  by  a thorough 
literature  search,  discussions  with  experienced  researchers  and 
contact  with  epoxy  manufacturers,  formulators  and  applicators; 

(2)  ascertaining  what  appropriate  epoxy  systems  are  commercially 
available;  (3)  the  preliminary  selection  of  promising  epoxy  systems; 

(4)  consideration  of  existing  methods  of  test  applicable  to  various 
phases  of  this  project  and  the  development  of  new  test  methods,  when 
necessary;  (5)  investigation  of  methods  and  techniques  for  applying 
protective  coatings;  (6)  determining  what  surface  condition  of  the  steel 
reinforcing  bars  is  necessary  to  obtain  a sound  protective  coating. 
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The  names  and  addresses  of  prospective  epoxy  manufacturers  and 
formulators  were  obtained  by  consulting  the  Thomas  Register  and  by 
reviews  of  such  journals  as  Corrosion  Abstracts,  Corrosion,  and 
Materials  Performance  and  Protect ion^  and  by  consulting  with  members 
of  the  National  Bureau  of  Standards  staff  and  the  staffs  of  other 
organizations.  The  epoxy  manufacturers  and  formulators  contacted  by 
letter,  inquiring  if  they  have  epoxy  coatings  applicable  to  the 
present  project,  are  listed  in  Table  1 along  with  comments  regarding 
the  nature  of  their  replies  and  products.  Six  firms  were  visited 
by  the  NBS  staff  assigned  to  this  project  and  the  firms  are  listed 
in  Table  2.  Twenty  of  the  firms  given  in  Table  1 have  replied  to 
the  initial  inquiry.  Three  of  those  who  replied  stated  that  they 
had  no  materials  suitable  for  the  protection  of  steel  reinforcing 
bars.  Five  firms,  although  advertised  to  handle  epoxies,  forwarded 
only  information  on  non-epoxy  systems.  Altogether  (Tables  1 and  2), 
17  firms  handling  epoxy  systems  have  been  receptive  to  our  contacts. 

It  has  been  decided  to  investigate  only  100  percent  solid 
epoxies,  which  can  be  either  solids  or  liquids,  as  solvent  containing 
coatings  are  highly  susceptible  to  the  formation  of  holidays 
necessitating  the  application  of  several  coats.  Furthermore, 
epoxy  formulations  with  coal  tars  will  not  be  studied  since  such 
formulations  performed  badly  in  reinforcing  bar  pull  out  tests  ^ . 

The  epoxy  floor  covering  materials  do  not  appear  to  be  very  promising 
as  protective  coatings  for  reinforcing  bars.  To  date  11  firms  have 
been  requested  to  submit  samples  for  testing.  Two  samples  have 
been  received  and  the  remaining  samples  will  probably  be  received 
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during  January  1972.  It  is  still  possible  that  other  firms, 
including  some  not  listed  in  Tables  1 and  2,  may  be  requested  to 
submit  test  samples  in  the  near  future. 

For  the  purpose  of  simulating  in-shop  applications,  the  epoxy 
manufacturers  or  formulators  that  are  willing  to  submit  test  sample 
are  being  requested  to  coat  a few  bars  during  a later  portion 
of  this  project.  Reinforcing  bars  were  supplied  by  NBS  to  five 
of  the  firms  visited  for  them  to  apply  their  coatings.  These  bars 
had  different  surfaces  such  as  rust,  mill  scale  and  sandblasted 
surfaces,  in  order  to  determine  what  surface  preparations  will 
be  necessary.  At  least  one  firm  would  not  agree  to  application 
of  their  coatings  to  a surface  which  had  not  been  sandblasted 
or  pickled  for  mill  scale  and  rust  removal.  The  majority  of  firms 
stated  that  bars  should  be  sandblasted  for  the  best  coating 
performance  with  pickling  being  the  minimum  surface  preparation 
that  is  acceptable. 

Other  facets  of  the  development  of  an  epoxy  system  to  coat 
reinforcing  bars  that  have  been  considered  are:  (1)  holiday 
detection;  (2)  determination  of  thickness  of  coatings;  (3) 
application  methods  such  as  electrostatic  spray,  conventional 
air  spray,  hydraulic  spray,  dipping  electrodeposition,  and  fluid 
beds;  (4)  site  of  application,  in-situ  or  in-shop.  Presently, 
in-shop  application  appears  to  be  the  most  feasible  method. 

A general  work  plan-time  schedule  is  presented  in  Table  3.  In 
the  following  quarter's  progress  report  more  detailed  schedule  will 
be  submitted.  It  is  felt  that  the  current  work  is  progressing 
according  to  schedule. 
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7.  Problems 


A.  Casting  of  Specimens  for  Pull-Out  and  Creep  Testing 
Wooden  forms  in  which  specimens  for  the  pull-out  and  creep 

tests  will  be  cast  are  being  designed  and  will  be  fabricated  at 
the  National  Bureau  of  Standards.  It  is  felt  the  specimens  should 
be  cast  with  concrete  having  the  same  properties  as  that  used  in 
the  current  corrosion  testing  being  carried  out  at  the  Fairbank 
Station  of  the  Bureau  of  Public  Roads.  We  are  requesting,  therefore, 
that  the  Bureau  of  Public  Roads  cast  and  cure  the  creep  and  pull-out 
specimens  at  the  Fairbank  Station  using  forms  and  reinforcing  bars 
provided  by  the  National  Bureau  of  Standards.  Control  concrete 
cylinders  cast  along  with  the  creep  and  pull-out  specimens  will 
be  tested  at  NBS . Concrete  proportions  and  method  and  time  of 
mix  should  be  provided  to  NBS. 

B.  Procurement  and  Logistics 

As  could  be  anticipated,  the  procurement  of  test  samples 
is  a slow  process,  however,  it  is  hoped  that  most  samples  will 
be  received  by  the  end  of  January  1972.  The  logistics  involved 
in  shipping  reinforcing  bars,  having  them  coated  and  returned 
will  probably  be  time  consuming  and  will  be  dependent  on  the 
speed  of  the  applicator. 

8.  Work  Planned  for  the  Next  Quarter 

In  the  next  quarter,  the  chemical  resistance  of  cured 
epoxies,  cast  as  discs,  will  be  investigated  in  order  to  eliminate 
from  further  consideration  any  unacceptable  systems.  Disc  specimens 
will  be  exposed  to  water,  chloride  and  sulfate  ion  solutions. 
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aqueous  saturated  CaCOH)^  solution,  steel,  and  cement  paste  and 
concrete.  The  permeability  of  thin  films  of  epoxies  to  moisture 
and  chloride  ions  will  also  be  tested. 

Corrosion  testing  of  coated  reinforcing  bars  toward  chloride 
ions  will  be  commenced.  This  will  include  such  methods  as  visual 
inspection  and  electrochemical  measurement. 

The  initial  phases  of  pull-out  and  creep  testing  will  be 
started.  This  includes  the  fabrication  of  specimen  forms  and 
setting-up  of  test  equipment. 

Some  other  aspects  to  be  explored  will  be  the  feasibility 
of  application  of  epoxy  to  reinforcing  bars  in-situ  and  the  degree 
of  surface  preparation  necessary  for  epoxies  to  adhere  well  to  the 
steel  reinforcing  bars. 
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TABLE  1.  Epoxy  Manufacturers  and  Formulators  Contacted  by  Letter 
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Goodrich  Industrial  Products  Company  N.R. 
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Gates  Engineering  Division  Products  are  Neoprene  and  Hypalon  and  epoxies.  Have 
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37.  Robray  Industries  Applied  powder  coatings.  Recommends  their  PVC  coating. 

Verona,  Pennsylvania  Has  epoxy  system.  Agreed  to  coat  reinforcing  bars. 
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TABLE  2 Epoxy  Manufacturers,  Formulators,  and 
Applicators  Visited  by  NBS  Staff 
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1.  Preliminary  Selection  of  Coatings 

2.  Laboratory  Tests 

2.1  Chemical  Durability  of  Coatings 

2.2  Physical  Properties  of  Coatings 

2.3  Physical  Properties  of  Coated  Bars 

2.4  Corrosion  Properties 

2.5  Reinforcing  Bar  Properties 

Temperature 
Surface  condition 

3.  Evaluation  of  Coatings 

4.  Evaluation  of  Coating  Application  Methods 

5.  Field  and  Placement  Studies 

6.  Study  Bar  Fabricators  Process 

7.  General  Evaluation 

7.1  Coating  Selections 

7.2  Coating  Application  & Bar  Fabrication 

7.3  Cost  Analysis 

8.  Reports 
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